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Abstract
Carbon and nitrogen stable isotope and molecular analyses are common tools for marine ecological and bio-
logical research. However, it is difficult to fix samples for both analyses using only one preservative. A solution
of potassium iodide and iodine (known as Lugol’s iodine solution) is considered to be a suitable preservative;
however, the effectiveness of Lugol’s iodine solution for long-term preservation of samples for stable isotope
analysis and molecular analysis has not yet been investigated. We tested the effectiveness of 5% and 10%
Lugol’s iodine solutions by comparing them with marine plankton samples preserved in a 5% formalin solution,
as well as preserved by freezing. Although δ13C and δ15N values of samples fixed in 5% formalin and 5% Lugol’s
iodine solution were significantly different from those of frozen samples, there were no significant differences
in both δ13C and δ15N values between samples fixed in 10% Lugol’s iodine solution and frozen samples, when
preserved for a duration from 1 week up to 6 months. Polymerase chain reaction (PCR) assay of samples fixed in
10% Lugol’s iodine solution after 18 months of preservation succeeded; however, the DNA in samples fixed in
5% formalin and 5% Lugol’s iodine solution could not be amplified using PCR. There was no difference in the
sequences of partial 18S rRNA genes between samples fixed in 10% Lugol’s solution and frozen samples. Thus,
we conclude that 10% Lugol’s solution is a suitable fixative for both of carbon and nitrogen stable isotope and
molecular analyses.
Carbon and nitrogen stable isotope analyses and molecular
analysis are commonly used as powerful tools in marine eco-
logical and evolutionary studies, including in sediment trap
experiments (e.g., Smith et al. 2002; Amacher et al. 2013). Sta-
ble isotope analysis is useful for inferring food web structures,
and molecular analysis is used for various purposes, such as for
phylogenetic analysis and metagenomics analysis to investigate
community structure.
Depending on types of biological samples, they need to be
preserved immediately after collection. Sediment trap samples
need to be preserved in situ to prevent degradation during
sampling, and this is done by filling collection cups with a fix-
ative solution. Selecting a suitable fixative and preservation
method depends on the type of analysis; various methods are
used in marine biological research (Table 1). Ethanol-based
sample preservation is commonly used for genomic DNA sam-
ples (Bucklin 2000) but is not suitable for samples used in sta-
ble isotope analysis it alters carbon isotopes (Kaehler and
Pakhomov 2001; Kelly et al. 2006; Barrow et al. 2008). Carbon
stable isotope values of samples preserved in ethanol tend to
be enriched because of lipid extraction by ethanol (Kelly
et al. 2006; Horii et al. 2015). Ethanol also cannot be used as
an in situ preservative for sediment trap samples, owing to its
producing precipitates in seawater. Acetone is a suitable alter-
native to ethanol to fix samples for molecular analysis (Goetze
and Jungbluth 2013). However, it is not suitable for preserving
plankton samples in bulk because an acetone fixative also pro-
duces precipitates in seawater, which can make identifying
plankton more difficult (Goetze and Jungbluth 2013). Also,
acetone is not suitable for fixing samples for carbon and nitro-
gen stable isotope analyses due to the presence of carbon in
the fixative, which alters carbon isotope values.
Generally, freezing preservation is the most widespread and
preferred preservation method for stable isotope analysis and
molecular analysis. However, frozen samples need to be
processed quickly, because sample degradation commences
immediately after sample thawing, and thawing damages
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samples morphologically. Furthermore, freezing preservation
is often difficult under field conditions, and this method can-
not be used in sediment trap experiments.
Buffered formalin is the most commonly used fixative for
plankton samples and sediment trap experiments because of its
effectiveness in preventing degradation over long periods of
time (Steedman 1976; Knauer et al. 1984; Lee et al. 1992),
although it does alter carbon and nitrogen stable isotope values
(Hobson et al. 1997; Kaehler and Pakhomov 2001; Sarakinos
et al. 2002; Kelly et al. 2006). Carbon stable isotope values of
samples preserved in formalin tend to be depleted as a result of
the incorporation of isotopically lighter carbon of formalin into
the sample (Hobson et al. 1997; Kelly et al. 2006). Formalin also
causes crosslinking (Feldman 1973), fragmentation (Wong
et al. 2013), and deamination of DNA (Do and Dobrovic 2015),
which makes it difficult to perform polymerase chain reaction
(PCR) and sequencing of formalin-fixed samples. Glutaralde-
hyde is also a common fixative for plankton samples, especially
for ultrastructural studies, but it causes crosslinking
(Kiernan 2000; Srinivasan et al. 2002), which makes it difficult
to perform PCR (Churro et al. 2015), and it contains carbon,
which alters carbon isotope content. Mercury chloride contains
neither carbon nor nitrogen, which allows it to be used as a pre-
servative for samples for carbon and nitrogen isotope analysis.
Samples fixed in this fixative can be used in PCR-based molecu-
lar analysis by including a washing process into the DNA extrac-
tion protocols, thus preventing PCR inhibition by mercury
chloride (Metfies et al. 2017). However, the major problem with
mercury chloride is its high toxicity to humans, which makes it
difficult to examine the fixed samples with a microscope.
A solution of potassium-iodide and iodine (Lugol’s iodine
solution) is commonly used as a fixative for microscopic analy-
sis of phytoplankton, nanozooplankton, microzooplankton
(Gifford and Caron 2000), and mesozooplankton samples
(Knoechel and Steel-Flynn 1989; Koski et al. 2005; Jaspers and
Carstensen 2009). As neutral Lugol’s iodine solution does not
include carbon and nitrogen, neutral Lugol’s iodine solution is
expected to also be an effective fixative for carbon or nitrogen
stable isotope analyses. Molecular analyses using phytoplankton
samples fixed in Lugol’s iodine solution have been conducted
(Hansen and Daugbjerg 2004; Ki and Han 2005; Mäki
et al. 2017), and it has been suggested that addition of sodium
thiosulfate could increase the PCR success rate of the samples
(Auinger et al. 2008). However, to our knowledge, the effective-
ness of Lugol’s iodine solution on long-term sample preserva-
tion and fixation of samples containing large amounts of
organic matter for molecular and stable carbon and nitrogen iso-
tope analyses has not yet been investigated.
This study aims to examine the effectiveness of neutral 5%
and 10% Lugol’s iodine solutions on long-term sample preser-
vation for carbon and nitrogen stable isotope and PCR-based
molecular analyses, using bulk plankton-net samples. Samples
fixed in a 5% buffered formalin solution and frozen samples
are also examined as negative and positive controls.
Materials and methods
Materials
Plankton samples were collected from a station (34250N,
140400E, depth ~ 4000 m) off Boso Peninsula, on the Pacific
side of central Japan, by an Ocean Research Institute (ORI) net
(160 cm mouth diameter, 0.5 mm mesh aperture; Omori 1965)
towed obliquely with a 400 m wire-out on 05 October 2017,
during a cruise by the training vessel Umitaka Maru. Almost half
of the whole collected samples was moved from the ORI net to
a 2-liter bottle with seawater (zooplankton : seawater = ca. 3 : 7
by volume), and well mixed. Then, the samples were equally
divided into four 500 mL bottles, immediately. Degree of equal-
ity among the bottles was checked by the settled volumes of the
samples. Each aliquot was prepared on board by: fixing in 5%
borax-buffered formalin-seawater (5% formalin); fixing in 5%
neutral Lugol’s iodine-seawater (5% Lugol); fixing in 10% neu-
tral Lugol’s iodine-seawater (10% Lugol); or frozen at less than
−60C, respectively. For freezing preservation, samples were fil-
tered with a mesh to remove seawater and preserved in small
portions. The fixed bulk plankton-net samples were all kept
under dark conditions at 4C until analysis. The fixatives borax-
buffered formalin and neutral Lugol’s iodine solution were pre-
pared according to the methods described by Steedman (1976)
and Andersen and Throndsen (2003), respectively.
Stable-isotope analysis
Carbon and nitrogen stable isotopes were analyzed for car-
nivorous, detritivorous, and herbivorous copepods, with the
abundance of each group being sufficient for analysis:
Euchaeta rimana (carnivore; Mauchline 1998), Scolecithrix
danae (detritivore; Ohtsuka and Kubo 1991), and Undinula
vulgaris (herbivore; Turner 1986). As the difference in carbon
and nitrogen stable isotope values even among congenic spe-
cies have been reported (Laakmann et al. 2009; Sano
et al. 2013), the samples needed to be identified to the species
level for this analysis. The bulk plankton-net samples fixed in
5% formalin, 5% Lugol, and 10% Lugol were sorted and
Table 1. Advantages and disadvantages of preservation











Ethanol, Acetone − − +
Freezing − + +
Mercury chloride − + +
Lugol’s iodine
solution
+ This study This study
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identified using a stereo-microscope. After thawing, the frozen
samples were sorted and identified under a stereo-microscope,
on an ice-cooled tray to prevent degradation. The samples
were sorted after being preserved for 1 week, 1 month,
3 months, and 6 months. The targeted species were analyzed
in pooled samples of up to six copepods. All of the samples
used for this analysis were adult females. The sorted samples
were rinsed in ammonium formate to remove salts (Trull and
Armand 2001), and dried at 60C for 24 h. Dried samples were
treated with chloroform/methanol mixtures (2 : 1 by volume)
to extract lipids twice and dried at 60C again. Next, the sam-
ples were packed in tin capsules and used in nitrogen and car-
bon stable isotope analyses. The δ13C and δ15N values were
analyzed by an elemental analyzer connected to an isotope-
ratio mass spectrometer (Flash 2000-ConfloIV-DeltaV advan-
tage, Thermo Scientific). The δ13C and δ15N values were
obtained in parts per thousand (‰) relative to the standard,






where for δ13C, Rsample/Rstandard is 13C/12C of the sample and
the standard (Vienna Pee Dee Belemnite), respectively. For
δ15N, Rsample/Rstandard is 15N/14N of the sample and the stan-
dard (atmospheric N2), respectively.
1 week 1 month 3 months 6 months
1 week 1 month 3 months 6 months
1 week 1 month 3 months 6 months
1 week 1 month 3 months 6 months
1 week 1 month 3 months 6 months










































































Frozen 5% formalin seawater 10% lugol’ s iodine seawater 5% lugol’ s iodine seawater 
Fig. 1. Effects of temporal changes in freezing, 5% formalin-seawater, 5% Lugol’s iodine-seawater, and 10% Lugol’s iodine-seawater on δ15N (left side)
and δ13C (right side) values (‰, mean  SD) of (a) E. rimana, (b) S. danae, and (c) U. vulgaris.
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The differences in δ13C and δ15N values across different
preservation methods and periods were tested using two-way
ANOVA followed by post hoc Scheffé’s methods tests.
Molecular analysis
To examine the effectiveness of each preservation method
on samples used for molecular analysis, DNA was extracted from
samples of the targeted species preserved by each method after
18 months of preservation. The samples were sorted and identi-
fied under a stereo-microscope. All sorted copepods were adult
females. The sorted copepods preserved in 5% and 10% Lugol’s
solutions were rinsed with a 0.25 mol L−1 sodium thiosulfate
solution. DNA was extracted from three specimens per species
using the NucleoSpin Tissue XS kit (Macherey-Nagel). A PCR
was used to amplify 18S rRNA V1 and V2 region with the
primer pairs SSU_F04 (50-GCTTGTCTCAAAGATTAAGCC-30) and
SSU_R22 (50-GCCTGCTGCCTTCCTTGGA-30; Blaxter 2003),
which was one of the major primers used in investigating the
eukaryotic community structures in pelagic (e.g., Lindeque
et al. 2013; Leray and Knowlton 2016) and benthic (e.g., Creer
et al. 2010; Fonseca et al. 2010) environments using high-
throughput sequencing of 18S rRNA gene. The PCR was
conducted in a 25-μL reaction volume containing 15.5 μL of
sterile, distilled water, 2.5 μL of dNTPs (2.5 mmol L−1), 1.5 μL of
MgSO4, 2.5 μL of 10× buffer, 0.75 μL of each primer
(5 μmol L−1), 0.5 μL of KOD plus version 2 (Toyobo), and 1.0 μL
of the template. PCR was performed using a Biometra TOne
96G Thermal Cycler (Analytik Jena) with the following protocol:
30 cycles of denaturation at 98C for 10 s, annealing at 55C for
30 s, extension at 68C for 1 min, followed by a final extension
period at 68C for 7 min. PCR products were electrophoresed on
a 2% TBE agarose L03 gel (Takara Bio) for band characterization
using ultraviolet transillumination. The amplified fragment was
sequenced after purification using EXOSap-IT (GE Healthcare).
Sequencing was performed by Eurofins Genomics (Tokyo,
Japan). The sequences were compared, and the number of bases
that differed within a species was calculated.
Assessment
Stable-isotope analysis
We analyzed five samples per species per preservation
method for each period, except U. vulgaris fixed in 5% Lugol
for a 6-month preservation period (n = 1) because of a lack of
specimens, resulting in a total of 236 samples (1031
Table 2. Statistical results of δ15N (‰) values for Scheffé’s method. Results are provided for the differences between the preservation
methods for each preservation period. Significant values (p < 0.05) are in bold.
Preservation periods Group comparison
p values
E. rimana S. danae U. vulgaris
1-week 10% Lugol vs. 5% formalin 0.014 0.981 0.007
10% Lugol vs. 5% Lugol 0.871 0.985 1.000
10% Lugol vs. Frozen 0.966 0.863 0.149
5% formalin vs. 5% Lugol 0.101 0.885 0.009
5% formalin vs. Frozen 0.003 0.651 0.652
5% Lugol vs. Frozen 0.608 0.973 0.171
1-month 10% Lugol vs. 5% formalin p < 0.001 0.010 p < 0.001
10% Lugol vs. 5% Lugol 0.030 0.998 0.711
10% Lugol vs. Frozen 0.318 0.933 0.740
5% formalin vs. 5% Lugol 0.001 0.017 p < 0.001
5% formalin vs. Frozen p < 0.001 0.002 p < 0.001
5% Lugol vs. Frozen 0.705 0.866 0.165
3-month 10% Lugol vs. 5% formalin p < 0.001 0.033 0.002
10% Lugol vs. 5% Lugol 1.000 0.884 0.959
10% Lugol vs. Frozen 0.093 0.825 0.933
5% formalin vs. 5% Lugol p < 0.001 0.180 p < 0.001
5% formalin vs. Frozen 0.079 0.230 0.016
5% Lugol vs. Frozen 0.079 0.999 0.691
6-month 10% Lugol vs. 5% formalin 0.087 0.181 0.007
10% Lugol vs. 5% Lugol 0.876 1.000 0.170
10% Lugol vs. Frozen 0.998 0.999 0.954
5% formalin vs. 5% Lugol 0.012 0.204 p < 0.001
5% formalin vs. Frozen 0.055 0.243 0.001
5% Lugol vs. Frozen 0.943 1.000 0.342
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specimens) used in this analysis. The average δ15N values of
E. rimana, S. danae, and U. vulgaris ranged from 5.09‰ to
6.26‰, from 4.16‰ to 4.91‰, and from 3.59‰ to 4.74‰,
respectively (Fig. 1). In all of the species, δ15N values of sam-
ples fixed in 5% and 10% Lugol’s solutions were not signifi-
cantly different from the frozen samples across all of the
preservation periods (Table 2; Scheffé’s method, p < 0.05).
However, samples fixed in 5% formalin showed significantly
higher values compared to frozen samples in some periods
that differed from species to species (E. rimana: 1-week and
1-month periods; S. danae: 1-month period; U. vulgaris:
1-month, 3-month, and 6-month periods; Scheffé’s method,
p < 0.05). The average δ13C values of E. rimana, S. danae, and
U. vulgaris ranged from −20.91‰ to −19.73‰, from
−20.98‰ to −19.87‰, and from −20.88‰ to −19.56‰,
respectively (Fig. 1). In all of the species, δ13C values of the
samples fixed in 5% and 10% Lugol’s solutions were also not
significantly different from frozen samples across all periods
(Table 3; Scheffé’s method, p < 0.05), except in frozen
U. vulgaris samples compared to 5% Lugol’s solution fixed
samples over a 3-month period (Scheffé’s method, p < 0.05).
In all of the species, the samples fixed in 5% formalin showed
significantly lower values compared to other samples across all
periods (Scheffé’s method, p < 0.05).
Therefore, for carbon and nitrogen stable isotope analysis,
we recommend 10% Lugol fixation as an effective preservation
method at least for a 6-month periods. 5% Lugol fixation is
also considered to be an effective preservation method for a
1-month period.
Molecular analysis
DNA extraction and PCR were conducted in triplicate, and in
total 36 specimens preserved for 18 months were used in this
analysis. The PCR success rate for the amplification of the targeted
region differed between preservation methods. The results show a
similar trend across the species, while the PCR of DNA extracted
from samples preserved in 5% formalin and 5% Lugol’s solution
resulted in no or very weak bands, the PCR of DNA extracted
from the frozen and 10% Lugol fixed samples succeeded in ampli-
fying the targeted region (Fig. 2). The bands of the 10% Lugol
fixed samples were as strong as that of frozen samples.
The amplicons of the frozen and 10% Lugol fixed samples
that were successfully amplified were sequenced. Comparing
the base sequences of the samples within each species, no
Table 3. Statistical results of δ13C (‰) values for Scheffé’s method. Results are provided for the differences between the preservation
methods for each preservation period. Significant values (p < 0.05) are in bold.
Preservation periods Group comparison
p value
E. rimana S. danae U. vulgaris
1-week 10% Lugol vs. 5% formalin p < 0.001 p < 0.001 p < 0.001
10% Lugol vs. 5% Lugol 0.982 0.945 0.169
10% Lugol vs. Frozen 0.977 0.360 0.263
5% formalin vs. 5% Lugol p < 0.001 p < 0.001 p < 0.001
5% formalin vs. Frozen p < 0.001 p < 0.001 p < 0.001
5% Lugol vs. Frozen 0.862 0.130 0.995
1-month 10% Lugol vs. 5% formalin p < 0.001 p < 0.001 p < 0.001
10% Lugol vs. 5% Lugol 0.216 0.640 0.003
10% Lugol vs. Frozen 0.126 0.998 0.395
5% formalin vs. 5% Lugol p < 0.001 p < 0.001 p < 0.001
5% formalin vs. Frozen p < 0.001 p < 0.001 p < 0.001
5% Lugol vs. Frozen 0.993 0.537 0.202
3-month 10% Lugol vs. 5% formalin p < 0.001 p < 0.001 p < 0.001
10% Lugol vs. 5% Lugol 0.907 0.962 0.161
10% Lugol vs. Frozen 0.820 0.509 0.080
5% formalin vs. 5% Lugol p < 0.001 p < 0.001 p < 0.001
5% formalin vs. Frozen p < 0.001 p < 0.001 p < 0.001
5% Lugol vs. Frozen 0.414 0.244 p < 0.001
6-month 10% Lugol vs. 5% formalin p < 0.001 p < 0.001 p < 0.001
10% Lugol vs. 5% Lugol 0.540 0.658 0.278
10% Lugol vs. Frozen 0.734 0.476 0.833
5% formalin vs. 5% Lugol p < 0.001 p < 0.001 p < 0.001
5% formalin vs. Frozen p < 0.001 p < 0.001 p < 0.001
5% Lugol vs. Frozen 0.989 0.051 0.076
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sequence alteration was detected in samples fixed in 10%
Lugol’s solution in any species (Table 4). Thus, 10% Lugol fix-
ation can be considered to be an effective long-term preserva-
tion method for PCR-based molecular analyses.
Discussion
In this study, we showed that 10% Lugol is an effective
fixative for long-term preservation of samples for carbon and
nitrogen stable isotope and molecular analyses. For both ana-
lyses types, samples can be preserved in 10% Lugol’s solution
for at least 6 months. To the best of our knowledge, this is the
first report demonstrating the effectiveness of Lugol’s iodine
solution on the long-term preservation of samples for carbon
and nitrogen stable isotope analysis. The effectiveness for
molecular analysis has been demonstrated in the previous
studies using single-cell phytoplankton samples (Hansen and
Daugbjerg 2004; Ki and Han 2005; Auinger et al. 2008) and
mixed phytoplankton samples (Mäki et al. 2017). The results
of the present study are the first to indicate the effectiveness
of Lugol’s iodine solution for fixing samples containing large
amounts of organic matters such as bulk plankton-net sam-
ples. It has been reported that the number of sequence vari-
ants in samples fixed in formalin is higher than that in frozen
samples (Williams et al. 1999; Quach et al. 2004); however,
the results of the present study showed that there was no
sequence alterations in Lugol-fixed samples. Thus, Lugol pres-
ervation of samples can be considered to be appropriate for
molecular analysis. Also, the effectiveness of Lugol’s iodine
solution has been demonstrated on phytoplankton samples
used in DNA analysis after 6 months of preservation (Hansen
and Daugbjerg 2004; Churro et al. 2015), but our study dem-
onstrated that it is effective for three times longer than previ-
ously thought, up to 18 months. Taking into account that
PCR using samples fixed in 1–5% Lugol’s iodine has succeeded
before (Hansen and Daugbjerg 2004; Ki and Han 2005; Mäki
et al. 2017), the PCR failure on samples fixed in 5% Lugol’s
solution is potentially due to the loss of fixing ability during
the preservation period. In fact, we found that the color of 5%
Lugol fixed samples were quite faded after 18 months of
Table 4. Results of the sequencing analysis of samples preserved in 10% neutral Lugol’s iodine-seawater and freezing (less than








Difference of bases within
preservation methods
Difference of bases to
freezing samples
E. rimana 10% neutral Lugol’s
iodine-seawater
3 388 0 0
Freezing (less than
−60C)
3 388 0 —
S. danae 10% neutral Lugol’s
iodine-seawater
3 394 0 0
Freezing (less than
−60C)





3 378 0 0
Freezing (less than
−60C)
3 378 0 —
Fig. 2. PCR amplification of the 18S rRNA V1 and V2 region. (a)
Euchaeta rinama, (b) S. danae, and (c) U. vulgaris. Lanes 1–3: Samples
fixed in 5% formalin-seawater. Lanes 4–6: Samples fixed in 5% Lugol’s
iodine-seawater. Lanes 7–9: Samples fixed in 10% Lugol’s iodine-seawa-
ter. Lanes 10–12: Frozen samples. Lane 13: Negative control. Lane M:
100-bp ladder size marker.
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preservation. Therefore, the effective preservation period can
be extended with the addition of Lugol’s iodine solution,
maintaining its fixing power during long-term preservation.
Compared to ethanol and freezing, Lugol preservation has
some advantages. Sometimes, freezing preservation can dam-
age zooplankton during thawing, for example, by rupturing
copepod exoskeletons with weight losses (Kimmerer and
McKinnon 1986), making freezing unsuitable for the preserva-
tion while retaining the morphological information to iden-
tify species. For marine food web analysis, identification of
samples at the species level is preferable, but a long time is
needed to sort zooplankton from bulk samples, and to identify
zooplankton species of various taxa. While sorting and identi-
fication of frozen samples should be finished as soon as possi-
ble after thawing samples to prevent degradation, there is no
such time constraint with Lugol-fixed samples. Lugol preserva-
tion makes it easy to sort and identify samples for analysis.
Meanwhile, it has been found that ethanol fixation makes
zooplankton brittle (Steedman 1976), which causes loss of
morphological information necessary for species identifica-
tion. Lugol’s iodine solution can be used for fixing not only
mesozooplankton but also delicate microzooplankton, such as
ciliates (Leakey et al. 1994), and there are no reports of Lugol’s
iodine solution making zooplankton brittle. Additionally, in
ethanol preservation, it is essential to change ethanol within
days of the initial preservation (Bucklin 2000). To fix samples
in Lugol’s iodine solution, we just need to add Lugol’s iodine
solution to the seawater in which samples are immersed. This
makes the preservation process easy, and prevents samples
being damaged during the process of changing fixatives.
Therefore, Lugol’s iodine solution can be considered to be a
more useful preservative than ethanol. The disadvantage of
Lugol’s iodine is that it dyes organic materials a dark brown,
but this can be solved by bleaching the sample with the
addition of sodium thiosulfate (Pomroy 1984).
In conclusion, neutral 10% Lugol’s iodine solution is a use-
ful preservative for carbon and nitrogen isotope analysis and
molecular analysis of plankton. Considering that these are
major analyses in recent planktology, this fixative is one of
the best preservatives for plankton samples, and it facilitates
marine ecological and evolutional studies based on carbon
and nitrogen stable isotope analysis and molecular analysis.
Comments and recommendations
Our study showed effectiveness of 10% Lugol’s iodine as a
fixative for zooplankton samples for stable isotope analysis
and molecular analysis in long-term preservation. In the PCR
test, we amplified the short region of the 18S rRNA gene
(~ 400 bp). As the band for 10% Lugol fixed samples was as
strong as those of frozen samples (Fig. 2), the effect of DNA
fragmentation by 10% Lugol is considered to be small. Suc-
cessful PCR amplification and sequencing of ~ 800–1800 bp
lengths using Lugol fixed samples have been reported before
(Hansen and Daugbjerg 2004; Ki and Han 2005; Auinger et al.
2008). Thus, it is possible to conclude that it would be possible
to amplify longer regions using long-term preserved 10%
Lugol fixed samples.
We also examined the effectiveness of 5% and 10% Lugol.
As the effectiveness of 15% Lugol’s iodine has been demon-
strated on samples used in the DNA analysis of phytoplankton
(Churro et al. 2015), long-term preservation will be possible
for samples, at least for molecular analysis, in Lugol’s iodine
with a concentration of 10% or more.
The effectiveness of 10% Lugol’s iodine was showed using
plankton samples in this study, but it would be also effective
for sediment trap experiments. The plankton-net samples used
in this study caught large amounts of phytoplankton and zoo-
plankton. Such samples contain a higher concentration of
organic matter than samples collected by sediment trap exper-
iments. In fact, for microscopic analysis, acid Lugol’s iodine
has already been used in short-term sediment trap experi-
ments (Poulsen and Kiørboe 2006). Thus, Lugol’s iodine can
fix sediment trap samples in situ. However, we recommend
that a sediment trap filled with 10% Lugol be deployed at the
water depth in low light intensity and low temperature
(< 5C) to prevent decomposition of Lugol’s iodine due to
light and high temperature (Gifford and Caron 2000).
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